Rationale: Radiation enteritis (RE) is one of the serious complications caused by the radiotherapy and it can occur in any segment of the intestine, including small intestine, colon, and rectum. It can cause a number of serious problems of the intestine, such as chronic ulcers, bleeding, intestinal stenosis, intestinal fistula, and perforation. At present, there is no standard treatment guideline for the RE.
Introduction
Radiotherapy is one of the methods for cancer treatment. [1] In China, the number of patients who received radiotherapy for malignant tumors is increasing year by year. [2] The radiotherapy is accompanied by adverse effects on normal tissues and organs. Radiation enteritis (RE) is one of the serious complications caused by the radiotherapy and it can occur in any segment of the intestine, including small intestine, colon, and rectum. In China, the incidence of the RE is on the rise. [2] Foreign scholars reported that the incidence of the RE was as high as 20%. [3] The RE causes a number of serious problems of the intestine, such as chronic ulcers, bleeding, intestinal stenosis, intestinal fistula, and perforation, which seriously affects patients' quality of life. [3] At present, there is no standard treatment guideline for the RE. The effects of drugs, hyperbaric oxygen and other treatments in the RE are not very accurate. [1, [4] [5] [6] [7] Radiofrequency ablation (RFA) is an emerging non-invasive method which is operated by means of endoscopy. The RFA causes coagulation and necrosis of the intestinal mucosa by thermal effect. Currently, it has been widely used for the treatment of Barrett esophagus and chronic erosive gastritis. Unfortunately, studies reporting the treatment of RE by RFA are lacking. We herein report the case of a patient with RE who received the RFA therapy.
Case presentation
A 54-year-old male patient was admitted to our hospital with bloody stool and mild anemia for 2 months and he was diagnosed as rectal cancer in our hospital in March 2013. He received surgery for rectal cancer on March 26, 2013 and 6 cycles of chemotherapy were given after the surgery (the chemotherapy regimen is FOLFOX). A single metastatic carcinoma of the liver was discovered in September 2013 and then he was given the RFA in the liver. Since then, the patient was in a stable condition for more than a year. In March 2015, multiple metastatic lesions were found in his liver, and chemoembolization was performed 0n March 25, 2015, then, 4 cycles of adjuvant chemotherapy were given after the operation (raltitrexed + bevacizumab). The patient received PET-CT examination and a recurrence lesion was found in the rectal anastomotic stoma in August 2016. He was given the radiotherapy with a total dose of 70 Gy in the next 50 days. Unfortunately, the patient complained of persistent abdominal pain (physical examination found that the tenderness of left side of abdomen was obviously), diarrhea and hematochezia in June 2017 and he was diagnosed as the RE by colonoscopy soon. It was a pity that intestinal probiotics, intestinal mucosal protectants, antidiarrheal drugs, and other treatments were not effective. The patient was treated with the RFA (COVIDIEN, Barrx Flex RFA Cart 1190A-115A, The United States) on 4 September 2017. The RFA procedure: lesion size and scope were observed by routine colonoscopy. RFA electrode (power 48W 12 J/cm 2 ) was placed on the lesion for burning in order to cause coagulation and necrosis of the intestinal mucosa. Removing the tissue which was solidified and necrotic and repeating the above procedure again ( Fig. 1 and  Fig. 2) . The clinical symptoms of the patient were gradually decreased after the RFA. A colonoscopy examination was performed 3 months later and the intestinal mucosa was found healed well (Fig. 3) . At present, the patient is in follow-up, without obvious gastrointestinal symptoms. This study was approved by the Ethical Committee of Ji'nan Central Hospital Affiliated to Shandong University. Informed written consent was obtained from the patient for publication of this case report and accompanying images. 
Discussion
RE is a serious complication caused by short-term exposure to radiotherapy at the abdominal and pelvic levels. The pathological changes of RE are damage of the intestinal mucosa and radiation injury of connective tissue. [8] Radiation exposed intestinal epithelial cells are generatory and damage the intestinal wall and mucosal epithelial regeneration system. [9] The speeds of exfoliation and necrosis of epithelial cells are faster than that of crypt cell production, resulting in the villi of the intestinal wall becoming progressively thinner. When damage is aggravated, the intestinal wall may develop some tiny ulcers, which can merge with each other and form many macroscopic ulcerative lesions. [9] With further aggravation of the lesions, endothelial cells that from the submucosa of the intestinal wall arterioles swelling and deformation, the vascular cavities are then filled with many thrombi and occlusive endovasculitis develops. Meanwhile, collagen deposition and fibrosis lead to the damage of terminal blood vessels of the intestinal wall together with reduction of the capillaries, causing insufficient intestinal blood supply. [10] In addition, accompanied by telangiectasia, chronic hemorrhage can be found in the intestinal tract. Complications such as refractory ulcers, abdominal infection and abdominal abscess can also be detected. [11] Scarring and fibrosis results in intestinal stenosis and obstruction. Intestinal fistula can occur in severe cases.
The treatments of RE include internal medicine, hyperbaric oxygen, intestinal nutrition, and traditional Chinese medicine, but their clinical efficacies are not accurate. [1, [4] [5] [6] [7] 12] At present, the RFA is a well-validated treatment of Barrett's esophagus and chronic erosive gastritis, [13] [14] [15] however, there are no clinical data on the treatment of RE. From this case, we can draw a conclusion that the symptoms of the patient were significantly decreased after RFA therapy, and the intestinal mucosa recovered well. Mechanisms regarding the treatment of RE were not very clear, although the following ways may have been involved. Ischemic and coagulative necrosis of the intestinal mucosal epithelial cells prompted states of dysfunction, edema, or degeneration. The growth of the palingenetic intestinal mucosal epithelial cells was accelerated, alleviating acute or chronic inflammation of the intestinal wall and reducing or eliminating the intestinal fibrosis tissue. This then reduced intestinal hypersensitivity, which was caused by inflammation.
In this case report, some limitations should be considered. First, in this case, long-term follow-up remains necessary. Second, the relatively high cost of the RAF increased the patients' medical costs to some extent.
Of course, RFA therapy in our endoscopy center is still in a preliminary stage. Further research should pay more attention to prospective and multi-center studies with a larger number of subjects and longer follow-up times.
In conclusion, RFA is an effective treatment for patients with RE, and it is expected to be one of the standard treatments for RE.
